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Report Outline

A. Overview of the Coupled Model Intercomparison
Project phase 3 (CMIP3) and phase 5 (CMIP5).

B. Evaluation/ranking of CMIP5 global climate
models (GCMSs) for the Pacific Northwest.

C. Columbia River Basin climate scenarios from
CMIP3, CMIP5, and NARCCAP.



Overview of the Coupled Model
Intercomparison Project phase 3
(CMIP3) and phase 5 (CMIP5)
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El Nino-Southern Oscillation

— CMIP5: improved onset and peak location of ENSO events; reduced
cold bias in western eq. Pacific; no marked improvement in
associated atmospheric processes that drive ENSO characteristics

— CMIP3 & CMIP5: difficulty simulating 2-7 year frequency

— CMIP3 & CMIP5: little to no change in 215t century ENSO amplitude
relative to natural variability

Climate
— Similar skill between CMIP3 and CMIP5



Evaluation & ranking of CMIP5 global
climate models (GCMs) for the Pacific
Northwest US

20" century climate



Performance Metrics

Metric Description
Mean-T Mean annual temperature (T) and precipitation (P), 1950-1999.
Mean-P

SeasonAmp-T
SeasonAmp-P

Mean amplitude of seasonal cycle as the difference between warmest and
coldest month (T), or wettest and driest month (P). Monthly precipitation
calculated as percentage of mean annual total, 1950- 1999.

DTR-MMM

Mean diurnal temperature range, 1950-1999.

SpaceCor-MMM-T
SpaceCor-MMM-P

Correlation of simulated with observed the mean spatial pattern, 1950-1999.

SpaceSD-MMM-T
SpaceSD-MMM-P

Standard deviation of the mean spatial pattern, 1950-1999. All standard
deviations are normalized by the standard deviation of the observed pattern.

TimeVar.1-T Variance of temperature calculated at frequencies (time periods of
TimeVar.8-T aggregation) of 1 and 8 years, 1901-1999.

TimeCV.1-P Coefficient of variation (CV) of precipitation calculated at frequencies (time
TimeCV.8-P periods of aggregation) of 1and 8 water years, 1902-1999.

Trend-T Linear trend of annual temperature and precipitation, 1901-1999.

Trend-P

ENSO-T Correlation of winter temperature and precipitation with Nifo3.4 index, 1901-
ENSO-P 1999.

Hurst-T Hurst exponent using monthly difference anomalies (T) or fractional

Hurst-P anomalies (P), 1901-1999.
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Performance Metrics
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Ranking with empirical orthogonal function (EOF)
analysis on 16 performance metrics
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Columbia River Basin Climate
Scenarios from CMIP3, CMIP5, and
NARCCAP



2040s” Climate Projections for the Columbia River Basin
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2040s” Climate Projections for the Columbia River Basin
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2040s” Climate Projections for the Columbia River Basin
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Climate Projections for the Columbia River Basin

A Mean Annual Tavg (°C)

10%-90% percentiles
Gray:. CMIP3 -
Light blue: CMIP5

Blue: overlap

2030-2059 from 1970-1999
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CMIP5 Climate Projections for the Columbia River Basin

20350-20359 from 1970-1999

4 : 1 4 Ll 1 L) l L4 1 4 1 T l L | 14 L T I T 1 | T 1 Iﬁ L s 1 L l v :
L 3 Y
IR TR L 28
&) B 14
~— L 7 7 | &
L 2 20 ‘199 33 -
o 2 47 :
> f 25 o I :
| 21 1
= 1.?2 6 29 50 |
B |
E— B 15 | .
O - i
=2 2k 8 a° 3 11926 3& 30 m
< | 3 (A NS | '
L *J
; 42 49 34
- g 13
O o
()} 1 B 23 49 12 &
> 1 i
<]
O B 5 2 Ay S Y GRS s g o e B dun g vk g g GER @ @ iRl oSy

=10 =5 0 3 10 19
A Mean Annual PRCP (%)



BCSD-CMIP5 2040s Temperature Change Projections

2040s MW/D 2040s C 2040s MW /W
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MW/D = moderate warming and dry C = central change MW/W = moderate warming and wet
LW/D = low warming and dry MC = minor change LW/W = low warming and wet




Ensemble Winter Temperature Change Ensemble Spring Temperature Change
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NARCCAP 2050s*
temperature change

Average of 9
simulations
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Ensemble Summer Temperature Change Ensemble Fall Temperature Change
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*1970-1999 to 2040-2069



BCSD-CMIP5 2040s Precipitation Change Projections

2040s MW /D 2040s C 2040s MW /W
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Ensemble Winter Precipitation Change Ensemble Spring Precipitation Change
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What next?

Hydrologic simulations of western US

2 hydrologic models (VIC, ULM) driven by MACA-downscaled
CMIP5 (UW, Ul, OSU). Estimated completion: autumn 2014.

Hydrologic sensitivities

Hydrologic response to step changes in temperature and
precipitation. VIC-based (UW, OSU)



Using land surface models to investigate how sensitive runoff
IS to climate change

Spatial Differences
Columbia
Q ref+1% ~ Qref ET ::ersheds il River basin

and costal

Precipitation =
— Qref elevation
drainages

Elasticity L
1% .ngh:400 i

21

Q ref+0.1° C~ Qref
Temperature
p — Qref

Sensitivity

01° C

Colorado
River basin

Julie Vano, UW



Categories of Sub-basin Responses to
changes in annual flow

LEGEND

Watershed units

More sensitive to
cool season warming

More sensitive to
warm season
warming

—
—
-

Cool season
warming positive

Julie Vano, UW



Climate change projections and hydrologic sensitivities
Example: Summer, Willamette Basin streams

W. Oregon, 2041-2070 minus 1970-1999
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1. CNRM-CM5
2. CanESM2

3. MPI-ESM-LR
5. HodGEM2-ES
6
7
8

. HadGEM2-CC
. bcc—csm1-1
. GFDL-ESM2M
9. NorESM1-M
10. inmcm4
12. CSIRO-Mk3-6-0
14, GFDL-CM3
15. GFDL-ESM2G
16. MIROC5
17. IPSL-CM5A-LR
19. MIROC—-ESM
20. GISS-E2-R
21. MIROC-ESM-CHEM
22. MRI-CGCM3
23. FGOALS-s2
24. BNU-ESM

A Annual Temp °C

JJA streamflow sensitivity
Slope = 0.90 °C / 10%

A Annual Precip %

Julie Vano, UW; David Rupp, OCCRI
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